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FOREWORD 

P r e l i m i n a r y  t r a j ec to r i e s  a r e  p resen ted  in  

EPD-132 (Ref. 1) fo r  launch da tes  between October 

1963 and June  1964, and in  EPD-212 (Ref.  2) for 

launch da t e s  between Ju ly  and December  1964. 

This document,  PD-19, extends EPD-132 and EPD-  

212 with p r e l im ina ry  t r a j ec to r i e s  fo r  launch dates  

f r o m  J a n u a r y  through June 1965. 

- xiii - 



P D - 1 9  Ranger Block 111 

I, INTRODUCTION 

A. Mission 

The pr imary  objective of the Ranger Block I11 mission i s  the acquisition 

of knowledge about lunar topography sufficient to determine the g ross  effect on 

manned and unmanned lunar landing vehicles. This objective will be achieved 

by taking relatively high-re solution photographs of various landing a r e a s  f r o m  

an impacting spacecraft .  

B. Ascent Trajectory 

The Ranger Block I11 spacecraft  will be launched f rom the Atlantic Mis - 
sile Range, Pad No. 12,  at  a launch azimuth between 90 and 114 deg eas t  of 

t rue north. The launch vehicle i s  the same a s  those of Ranger Block I and 11, 

consisting of a GD/A Atlas D Mod. I1 f i r s t  stage, a Lockheed Agena B second 

stage, and the JPL Ranger spacecraf t  a s  the payload. The spacecraf t  a r e  s i m -  

i la r  to those of Ranger Block I1 with the exception that the Aeroneutronics lunar  

capsule i s  replaced with a s e t  of television cameras  built by the Radio Corpora- 

tion of America.  

The ascent t ra jectory for the Ranger Block 111 mission will be s imi lar  to 

those of Ranger Block I and I1 in that the parking orbit  concept will be used. In 

a parking orb i t  t ra jectory (Fig.  I ) ,  the vehicle f i r s t  en ters  a low-altitude, c i r -  

cular ,  Earth-satel l i te  t ra jectory,  coasts  in this satell i te orbi t  for a predeter -  

mined period, and subsequently leaves this orbit  by the application of a final 

impulse. Such parking orbi ts  effectively diminish the geometrical constraints 

of a fixed launch site by permitting injection to occur a t  any point over the 

Ea r th ' s  surface and sti l l  provide good payload capability. The parking orb i t  

altitude for  Ranger Block I11 will be 100 nm. 
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TI. POSTINJECTTON TRAJECTORY DESIGN CRITERIA 

The postinjection t rajectory design c r i t e r i a  for  the Ranger Block I11 

mission s tem f rom four principal areas:  attitude control, scientific mission,  

telecommunications, and temperature control. The design c r i t e r i a  a r e  enumer- 

ated in paragraphs B through F. 

B. Attitude Control 

The attitude control design c r i t e r i a  (Ref. 3) a r e  a s  follows: 

1. The spacecraf t  mus t  be in sunlight f rom 1 h r  p r io r  to 

the Ear th  acquisition command and continuously, thereaf ter .  

2 .  The ent i re  lighted portion of the Ear th ,  a s  seen f rom the 

spacecraft ,  m u s t  be contained within the angular range f rom 

32 to 148 deg relative to the probe-Sun line a t  the t ime of the 

Ear th  acquisition command. This corresponds to an Ear th-  

probe-Sun angle (EPS) constraint of 40 to 145 deg a t  a range 

of 64, 000 km. The Ear th  light incident on the spacecraf t  a t  

the t ime of acquisition mus t  be grea ter  than 0. 7 f t  candles. 

3. The ent i re  lighted portion of the Earth,  a s  seen f rom the 

spacecraft ,  mus t  be contained within the angular range f rom 

43. 5 to 137 deg relative to the probe-Sun line a t  the t ime of 

the ear l ies t  possible midcourse maneuver and continuously 

thereafter.  This corresponds to an EPS angle constraint of 

46 to 135 deg a t  a range of 150, 000 km. 

4. The EPS angle must  be grea ter  than 47 deg pr ior  to  the t ime 

of terminal  maneuver.  

5. The Ear th  light incident a t  the spacecraf t  mus t  be between 

0. 06 and 40 ft  candles f rom Ear th  acquisition to the end of 

the mission.  

6. The magnitude of the terminal  maneuver second pitch turn 

shall be between -47 and 4-55 deg. 

7 .  At the end of the mission the Earth-probe (near-lighted l imb 

of Moon) angle mus t  be grea ter  than 15 deg. 
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C. Scientific Miss ion  

1 .  I inpact locat ions  (Ref. 4) should be contained between f 2 0  deg of the l una r  

equator.  

2 .  Impact  locat ions  should be  between 20 and 35 deg f r o m  the t e rmina to r  with- 

in the lunar  l ighted d i s c  v is ib le  f r o m  Ear th .  

3.  The subso la r  point should be between 235 and 320 deg se lenographic  e a s t  

longitude. 

NOTE: I t ems  1, 2, and 3 a r e  de s i r ab l e  ba sed  on exist ing 
knowledge of the T V  pe r fo rmance .  However,  these  
cons t ra in t s  m a y  be  re laxed,  depending on mi s s ion  
philosophy and the evaluation of f inal  f l ight  sy s t em 
cal ibra t ions .  

4. The in ject ion energy  shal l  be  such that  the t r an s i t  t i m e  f r o m  injection to  

lunar  impac t  shal l  be  nea r l y  constant  f o r  any launch period.  The t r an s i t  t i m e  

may  vary  between launch per iods .  

5. The t r a n s i t  t ime  shall  be se lec ted  s o  that  the l una r  impac t  f o r  al l  t r a j e c -  

t o r i e s  i n  a s ingle  launch per iod  shall  be  cen te red  n e a r  the  zenith of the Gold- 

stone t racking stat ion.  

D. Telecommunicat ions  

The  Goldstone stat ion-probe -Sun (SPS) angle f r o m  the completion of Sun 

acquisi t ion to the end of the  f i r s t  Goldstone viewing per iod ,  excluding the per iod  

of the midcou r se  maneuve r ,  shall  l i e  within the following r anges  (deta i led  plot  

of Ref. 5): 

1 .  28 < SPS  < 176 deg fo r  10, 000 < s lan t  r ange  < 40,000 k m  

2. 30 < SPS < 160 deg  f o r  40, 000 < s lan t  range < 70,000 k m  

3. 38 < SPS < 140 deg f o r  70, 000 < s lan t  r ange  < l una r  

impac t  

E .  T e m p e r a t u r e  Control  

1. The allowable t ime  spent  in. the E a r t h ' s  shadow during t r a n s i t  to the Moon 

i s  a function of the t ime  a t  which the p robe  e n t e r s  the shadow (Ref.  5) and 

shal l  l i e  within the following ranges  (deta i led  plot  of Ref. 6): 
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a .  0 < tll-ne in shadow < 47 min,  t ime of entry = injection 

t 2 11 1- 

b. 0 < t ime in  shadow < 88 min,  t ime of entry = injection 

c .  0 < t ime in  shadow < 130 min,  t ime of entry = 1 h r  

before injection 

2. It i s  des i rab le  that the Z-axis  of the spacecraf t  shall  be pointed a s  c lose  a s  

possible to the direct ion of the Sun during the te rmina l  maneuver .  

F'. Miscellaneous Limitations 

1 .  Launch f rom Cape Kennedy 

2 .  The maximum launch-azimuth spread  shall  be f rom 90 to 114 deg e a s t  of 

t rue  north.  

3 .  Parking orb i t  altitude of 100 nm. 

4. The Agena second burn shut-off constant shall  be fixed in  any one day. 

This impl ies  a near ly  constant injection energy during each day. 
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111. LAUNCH PHILOSOPHY 

The launch problem associated with a lunar  impact miss ion  launched 

from the E a r t h  i s  complex. Constant changes in the geometry of the celestial  

bodies requi re  re la t ive change in the launch pa rame te r s .  

The lunar impact  t ra jec tor ies  m u s t  satisfy the celestial  geometry a s  

well a s  the constra ints  l is ted in Section 11, and in doing so,  a s e t  of launch 

p a r a m e t e r s  evolve. Two of these a r e  launch day and launch t ime. The p e r -  

miss ib le  launch days define the launch period,  and the permiss ib le  launch t imes  

in any one day define the fir ing window. 

The discussion of launch philosophy i s  based upon spacecraf t  consider-  

ations only. The spacecraf t  launch res t r ic t ions  have been examined carefully 

in an effort to obtain the longest possible launch period and f i r ing window. 

Final t ra jectory analysis  may r e s t r i c t  the launch period and fir ing window 

fur ther .  

B. Launch Per iod  

Launch per iods  for  the Ranger Block 111 mission a r e  determined p r i -  

mar i ly  by the attitude control constra ints  l is ted in  Section 11. B and by the 

scientific miss ion constra ints  in  Section 11. C. 

Figure  2 shows a sketch of the Ea r th ,  Moon, and Sun geometry and the 

positions of the Moon a t  impact  that do not satisfy the attitude control con- 

s t ra in t s .  These posit ions occur nea r  new and full Moons. As a resu l t ,  the 

attitude control constra ints  dictate two permiss ib le  launch per iods,  referenced 

about f i r s t  and third  qua r t e r s ,  each having a maximum length of f rom five to 

eight consecutive days.  Table 1, Section VI, l i s t s  the lunar  th i rd-quar te r  

launch per iods fo r  each month which satisfy the attitude control constra ints  

f rom July 1964 through December 1965. 

The scientific miss ion constraints dictate which of the two launch 

per iods in any one month i s  acceptable. In addition, these constra ints  may 

r e s t r i c t  the launch period to l e s s  than the maximu-m length of eight days.  

F i g u r e  3 p re sen t s  a sketch of the ver t ical  impact geometry of a 66-hr t rans i t  

t ime t ra jectory.  The slcetch i s  intended to point out general  t ra jectory cha rac -  

t e r i s t i c s  and not the actual shape of the t ra jec tory .  F o r  this reason ,  the 

" " 5 -  
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Trajectory i s  drawn in two separate  f r a m e s  of reference a s  conic approximations. 

T h e  t ransfer  orbi t  i s  drawn in the iner t ia l  Ear th  reference f r ame  and i s  a 

highly elliptical o rb i t  which p i e rces  the lunar  sphere  of influence. At the 

piercing point, the reference f r a m e  i s  changed to the iner t ia l  lunar  re fe rence  + 
f r ame  by subtracking the velocity of the Moon relative to the Ear th  VM f rom 

-4- 

the velocity of the probe relative to the Ea r th  Vp and obtaining the velocity of 
4 

the probe relative to the Moon VpM. It has  been empir ical ly  determined that  
--b 

the velocity vector VpM i s  very  near ly  equal to the hyperbolic excess  velocity 
-B 

vector Voo. Since the selenocentric conic i s  a rect i l inear  hyperbola for  a v e r -  
+ 

t ical  impact  t ra jec tory ,  the direction of VpM m u s t  p a s s  through the center of 

the Moon as  shown. Fu r the rmore ,  the Earth-Moon-probe angle a t  impact  i s  

approximately 42 deg, and the velocit ies VM, VpM, and Vp a r e  of the s a m e  

o rde r  of magnitude for  a 66-hr t ra jec tory- -1  km/sec.  This  means  that the 
..c- 
Vp m u s t  always point to the left  o r  lunar  -west of the Earth-Moon line, and 

the point of entry into the lunar  sphere  of influence m u s t  always occur to the 
+ + -%?- 

lunar -wes t  of the Earth-Moon line, such that Vp - VM produces  a VpM which 

pas ses  through the cen te r  of the Moon a s  in  Fig.  3. Therefore ,  all the ver t ica l  

o r  near -ver t ica l  impac t  t ra jec tor ies  m u s t  impact  on the wes te rn  portion of the 

lunar  surface.  In addition, any t ra jec tory  which impacts  on the eas te rn  portion 

of the lunar  sur face  m u s t  be a nonvertical  impac te r .  

F igure  2 shows that, in  o rde r  to satisfy the lighting constraint  (Section 

11. C. 2), a ver t ical  impact  t ra jec tory  which impacts  on the lunar-west  side m u s t  

be launched during the third-quar ter  period.  A nonvertical  impact  t ra jec tory  

which impacts  on the lunar  - ea s t  side and sat isf ies  the lighting constraint  m u s t  

be launched during the f i r s t -qua r t e r  period.  In addition, i t  follows that a non- 

ver t ical  impact  t ra jec tory  which impacts  nea r  the Earth-Moon line,  nei ther  

e a s t  nor  west,  m u s t  be launched within o r  near  the full-Moon period.  

Since Ranger Block I11 t ra jec tor ies  a r e  to impact  vertically o r  n e a r -  

ver t ical ly ,  the landing a r e a  m u s t  be on the wes te rn  portion of the lunar  sur face ,  

and a s  a resul t ,  launch m u s t  occur during the th i rd-quar te r  period.  

There  a r e  only two launch days in each th i rd-quar te r  period in which 

ver t ical  impact t r a j ec to r i e s  satisfy the des i rab le  lighting angle constraint .  How- 

eve r ,  by biasing the ver t ical  impact  t ra jec tor ies  on additional launch days,  the 

lighting angles can be shifted s o  that the values will be between the required 

ranges.  These biased t ra jec tor ies  a r e  nonvertical impac te r s  having impact  

- 6 -  
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angles up to 30 deg f rom the vertical .  In this manner ,  five to eight consecutive 

days of a third-quarter  launch period a r e  obtained. 

C .  Firing Window 

The firing window i s  determined by the allowable launch azimuth range. 

As launch t ime var ies  in any one day, the launch azimuth and the parking orbit  

coast t ime mus t  also vary in order  to compensate for the motions of the Ear th  

and Moon. In this manner ,  the minimum and maximum values of launch azi-  

muth l imit  the length of the firing window. The launch azimuth range presented 

in this repor t  i s  f rom 90 to 114 deg. The final permissible  launch azimuth 

range may be reduced a t  a l a t e r  date due to range safety, tracking, and/or 

telecommunication limitations. Table 2 presents  a listing of launch t imes  for  

launch azimuths of 90, 102, and 114 deg for each launch period. By taking the 

difference between launch t imes  for the 90 and 114 deg cases ,  the maximum 

length of firing window i s  obtained. Figure 4 shows the launch t imes versus  

the launch days for each of the maximum launch periods of azimuths f rom 90 

and 114 deg. Figure 5 presents  the maximum firing window versus  launch day 

for launchings from January through June 1965. 
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IV.  'VIIAJECTORY CHARACTERISTICS 

The Ranger Block 111 t ra jec tor ies  might be c lassed  a s  slow t ra jec tor ies  

since their  flight t i m e s  a r e  of the o rde r  of 66  h r .  Choice of flight t ime i s  made 

on the bas i s  of visibility of impac t  to the Goldstone tracking station and guidance 

accuracy considerations.  The geocentric postinjection t r a j ec to r i e s  a r e  typical 

f o r  f l ight  t imes  of this o rde r .  They a r e  highly elliptical t r a j ec to r i e s  which may  

he descr ibed  in a genera l  manner  by the conic e lements  a t  injection. These a r e  
2 a s  follows: a vis  viva energy of -1. 0 km2/sec , an eccentr ic i ty  of 0. 98, a -- 

semima jo r  axis of 388, 000 km, an inclination varying f rom 28 to 36 deg depend- 

ing on the launch azimuth,  a per igee dis tance of 6 5 6 3  km,  and a t rue  anomaly 

a t  injection of 3 .  3  deg (injection occu r s  3 .  3  deg pas t  ~ e r i ~ e e ) .  The injection 

points f o r  this type of t ra jec tory  occur  over  the Atlantic Ocean a r e a  between 

the United States  and South Africa. The location of these injection points 

depends upon the declination of the Moon a t  lunar  impact.  

The injection locations for  the launch per iods considered a r e  shown in  

Fig.  6 through 11 f o r  t r a j ec to r i e s  of 90 through 114 deg launch azimuth and for  

success ive  days on which f i r ings  a r e  permiss ib le .  Each l ine  r ep re sen t s  the 

i l~ jec t ion  locus for  the launch date noted. Table 2 gives geocentr ic  injection 

conditions for  each  day of the launch. 

The Ea r th  t r a c k s  fo r  specific launch dates  can be es t imated  by coinpar- 

ing their  injection loci  (Fig.  6  through 11) with the injection loci  of the t r a j ec -  

to r ies  whose Ea r th  t r acks  a r e  shown in  Fig.  12, 13, and 14. These three 

E a r t h  t r acks  cor respond to t r a j ec to r i e s  which encounter the Moon a t  decl ina-  

tions of -20, 0 and 21 deg. The DSIF coverage for  these Ea r th  t r acks  i s  

noted. 

B.  Cru ise  Phase  

Since the t r a j ec to r i e s  a r e  designed to allow the spacecraf t  to impact  the 

&loon during the lunar  day, the probe will be in d i rec t  sunlight except for  brief 

per iods  during i t s  t rave l  in the vicinity of the Ea r th .  The spacecraf t  never  

entel-s the shadow of the Moon. The t ime that the spacecraf t  spends in the 

E a r t h ' s  shadow will vary according to launch date and launch azimuth.  The 
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t e~mpera ture  constra int ,  dependent on the t ime spent In the E a r t h t s  shadow 

(Section 11. E. 1 ) ,  i s  never  violated for  the launch dates  covered by this docu- 

m e n t .  Table 3 presen ts  these shadow events ve r sus  t ime f r o m  launch. 

The Earth-probe-Sun angles vs. t ime-from-launch a r e  presented in 

Fig.  15, 17, 19, 21, 23, and 25 for  the launch days and months considered. 

Also, the Sun-probe-Moon angles a r e  given in  F ig .  16, 18, 20, 22, 24, and 26. 

Note that on May 24, 1965, the maximum Earth-probe-Sun angle constraint  of 

135 deg i s  slightly violated, and thus this day could be considered marginal .  

To inc rease  the miss ion  reliability of Ranger Block 111, a backup t i m e r  

will be used to activate the T V  cameras  p r io r  to lunar  impact  should a fa i lure  

in the command link preclude initiation of the te rmina l  maneuver  sequence. 

This  impl ies  that the t ime f r o m  injection to impact  m u s t  be near ly  constant 

throughout any one launch per iod but may vary f r o m  launch period to launch 

period.  The constant flight t imes  l is ted in Table 2 were  selected to optimize 

the view of lunar  impact  a t  the Goldstone tracking station. F igure  27 shows 

the visibility of impac t  conditions a s  seen a t  Goldstone during each launch 

period fo r  launch azimuths  of 90, 102, and 114 deg. 

P r i o r  to impact  the p robe ' s  angular motion re la t ive to the tracking s ta -  

tions i s  p r imar i ly  in hour-angle with a r a t e  of approximately 15 deg/hr.  This  

implies  that  f o r  an hour  -angle a t  impact of -60 deg and an init ial  pointing cap-  

ability of -90 deg the probe would be in view a t  Goldstone during a two-hour 

interval  p r io r  to impact .  E r r o r s  in  t ime of flight will cause a one-to-one 

change in the hour-angle of the probe a t  impact .  Thus, fo r  the same example,  

an e r r o r  in  flight t ime  result ing in an impact  one hour ear ly  would reduce the 

viewing interval  p r io r  to impact  by an hour.  Also shown in Fig. 27 a r e  the 

Goldstone tracking station hour-angles of the probe a t  impact  corresponding to 

nominal flight conditions on each launch day. The hour-angle constraint  i s  

190 deg; however, f o r  cer ta in  declinations of the probe a t  encounter, the ho r -  

izon m a s k  i s  m o r e  r e s t r i c t i ve .  F o r  all  c a ses ,  the equivalent limiting hour-  

angle i s  depicted in the s a m e  figure.  

C.  Lunar  Encounter Phase  

The lunar encounter conditions for  ver t ical  impact  t ra jec tor ies  a r e  p r e -  

sented in Table 2 .  F o r  an impact  location other than ver t ical ,  a nonvertical  

encounter o r  biased t ra jec tory  resu l t s .  This may  occur  by design o r  
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c i rcumstance .  By designing a nonvert ical  impact ,  a location can be se lected 

to enhance the conditions ( i .  e .  , be t te r  lighting) a t  encountel-. Wl~ethel- a ve r t l -  

c.a.1 o r  nonver t ical  t r a jec tory  i s  used,  the t ra jec tory  analysis  i s  the s a m e  

P r e l i m i n a r y  s tudies  indicate that  the Ranger Block I11 mis s ion  can be 

successful  i f ,  excluding ce r t a in  marg ina l  a r e a s ,  the probe impac t s  within the 

lunar ,  l ighted d i sc  visible f r o m  Ea r th .  The marg ina l  a r e a s  a r e  those  c lose  to 

the t e rmina to r  and/or the subsolar  point. F ina l  analys is  wil l  be done using 

cal ibra t ions  of flight hardware ,  to define acceptable and unacceptable impac t  

a r ea s .  

I n  o r d e r  to evaluate a wide range  of l una r  encounter conditions the fol- 

lowing d i scuss ion  on lunar  encounter t r a j ec to r i e s  i s  presented.  

Bal l is t ic  t r a j ec to r i e s  ini t iated n e a r  E a r t h  can be cha rac t e r i zed  a t  lunar  

encounter by a two -body hyperbolic conic (Fig .  3).  The incoming asymptote  

fo r  a given flight t i m e  and encounter day i s  essent ia l ly  fixed i n  i t s  orientat ion 

f o r  any c lose  encounter with the Moon. The probe  approaches  the  Moon in i -  

tially along the incoming asymptote .  The geomet ry  i s  shown in  Fig.  28 a,nd 29. 

The vector  B f r o m  the cen te r  of the Moon to the incoming asymptote  5 r e p r e -  I 
sen t s  the m a s s l e s s  m i s s  (Ref. 7) o r  the  m i s s  which would occur  fo r  a m a s s l e s s  

Moon. However, the Moon-mass  cause s  the probe to follow a hyperbolic path 

away f r o m  3 and toward  the Moon. I 
F o r  B vec to r s  l e s s  than 4000 km,  depending on the  energy re la t ive  to 

the Moon, the t ra jec tory  will  impac t  the  Moon. I t  follows that  fo r  a l a r g e r  B 
vec tor ,  a flyby t r a j ec to ry  will r esu l t .  The se lenocentr ic  t r a j ec to ry  geomet ry  

f o r  impac t ,  and flyby t r a j ec to r i e s  fo r  energ ies  re la t ive  to the Moon correspond- 

ing to impac t  velocit ies of 2. 6, 2. 65, and 2. 7 km/sec ,  a r e  p resen ted  i n  Fig. 30 

through 35. In these  f igures ,  l ines  of constant  t ime  f r o m  impac t  o r  f r o m  

c lo se s t  approach a r e  noted fo r  t r a j ec to r i e s  of varying m i s s  p a r a m e t e r  B. The 

m i s s  p a r a m e t e r  B and incoming asymptote  S a r e  contained in ,  and thus define, I 
the or ienta t ion of the t ra jec tory  plane during lunar  encounter.  Since the incom-  

ing asymptote  i s  e s  sential ly fixed fo r  a given flight t ime  and encounter date ,  

the ver t i ca l  impac t  location (Fig .  28) will be contained in  the t r a j ec to ry  plane 

re la t ive  to the Moon for  any m i s s  p a r a m e t e r  3 about the incoming asymptote.  

T h u s ,  the geomet ry  fo r  any near-encounter  of the Moon can be constructed by 

combining the t ra jec tory  geomet ry  p resen ted  in F ig .  30 through 35 with the 

ver t i ca l  impac t  location and the magnitude and orientat ion of the m i s s  
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p a r a m e t e r  'I5, A group of SIX f igures  shows the ver t i ca l  impac t  locations in  

re la t ion to the s u b t e r r e s t r i a l  points and the t e rmina to r  a t  encounter  fo r  the 

launch da t e s  tabulated in Table  2. 

The  t r a j e c to ry  geomet ry  a t  impac t  may  be evaluated f r o m  Fig.  28 and 36 ,  

which in t u rn  define and r e l a t e  the impac t  p a r a m e t e r s  with the magnitude of the 

m i s s  p a r a m e t e r  B. The impac t  p a r a m e t e r s  defined a r e  the b ias  angle (3, the 

impac t  angle €IS, and the angle y tu rned  by the impac t  velocity vec to r  f r o m  the 

asymptote  d i rect ion.  In addition, F ig .  37 p r e s e n t s  €IS and y vs.  P The 

var ia t ion of velocity and al t i tude p r i o r  to  lunar  impac t  a s  a function of P i s  

given in F ig .  38 through 40. 

The  deflect ion angle a between the incoming asympto te  5 and outgoing 
I 

asymptote  So, a s  wel l  a s  the c lo se s t  approach d i s tance  RCA, a r e  p r e sen t ed  in  

Fig .  41 in  compar i son  to the m i s s  p a r a m e t e r  B. T h e s e  flyby t r a j e c to ry  p a r a m -  

e t e r s  a r e  defined in F ig .  29 

F i g u r e  42  through 47 r e p r e s e n t  the group of s i x  showing the lunar  l ight-  

ing and t r a j e c to ry  geomet ry  a t  impact .  

The  se lenographic  coord ina to rs  a r e  graphical ly  defined i n  F ig .  48. 
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VP. TABLES 

Table 1 i s  a l is t ing,  by calendar  date ,  of the maximum number  of days 

that consti tute each poss ible  launch per iod occurr ing between July  1964 and 

December  1965.  

Tab le  2 p r e sen t s  the ver t i ca l  impac t  t ra jec tory  p a r a m e t e r s  fo r  the six 

monthly launch per iods  f r o m  January  through June  1965, f o r  the 90-, 102-, 

and 114-deg launch azimuths .  

Tab le  3 pre sen t s  shadow events  f o r  the s ix  monthly pe r iods for  the 

90- ,  1 0 2 - ,  and 114-deg launch azimuths .  
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T a b l e  1. Maximum launch p e r i o d s  fo r  July 1964 
through D e c e m b e r  ! 955 

J U I ~ / A U ~ U  s t  

August 

September  

October 

November 

December  

:::January 

'::February 

:::March 

::: Ap i l  

::: M ay 

:k June 

Ju ly  

Augu s t  

September  

October 

November 

December  

These  l-nonths covered by this  repor t .  
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Table II. Trajectory pa ramete r s  f o r  the ver t ical  impact t ra jec tor ies  January through June 1965 

Launch, 90-deg az imuth  

1 Injection Conditions Injection Conditions - Launch, 102-deg az imuth  

Impac t  Cond~ t ions  

Launch 
t i m e  Time 
GMT 

66.0  18 38 57  37.04 -22.54 -9.46 323.93 -1.15 237.07 -0.85 3 .77  126.79 2663 1 4 50 1 15 19 15.21 304.24 

65 .0  11 18 20 353.82 -8.40 -13.78 318.54 -1.48 308.86 -5.04 6 .95  58.22 2644 19 5 35 19 22 6 1.34 323.28 

65.0 12 41 16 2.96 -13 .67  -13.19 321.01 -1.49 296.00 -3.90 6.60 70.68 2649 20 22 5 4  20 37 17 6.36 316.69 

65.0 14  2 49 11.65 -18.15 -11.91 322.93 -1.50 283.15 -2.59 5.80 82 .74 2655 21 38 7 21 50 37 10.71 310.76 

65.0 15 22 1 19.53 -21 .67  -10.06 324.12 -1 .51  270.32 -1.18 4.65 94.46 2661 22 50 25 23 1 21 14.23 305.70 

65.0 16  35 59 25.82 -24 .11  -7.85 324.89 -1 .51  257.52 0 .26  3.29 105.92 2667 

65.0 17  39 44 29.37 -25 .37  -5.53 324.08 -1.52 244.79 1 .67  1 .81  117.18 2673 

65.0 18 28 47 29.20 -25.43 -3.35 323.07 -1.52 232.19 2 .98  0 .34  128.30 2677 

64.3  12  18 40 6.07 -20.46 -10.83 322.79 -1.49 303.01 -1.53 4 .75  61.79 2660 20 31 42 20 43 10 13.03 307.46 

64.3 13  37 31 13.46 -23.47 -8.63 323.90 -1.49 290.23 -0.06 3.67 73.59 2665 21 43 8 21 53 14 16.04 302.95 

64.3 14  47 39 18.49 -25 .27  -6.21 324.21 -1.48 277.46 1 .38  2.37 85.10 2671 

64.3 15  43 36 19.94 -25.83 -3.86 323.77 -1.47 264.80 2.73 0.95 96.36 2677 

64.3 16 23 13 17.45 -25.18 -1.77 322.77 -1.47 252.27 3.94 359.53 107.46 2682 

64.3 16  49 34 11.91 -23.38 .02  321.37 -1.46 239.85 4.97 358.20 118.50 2685 0 55 30 1 6 0 15.19 304.26 

64.3  17 7 9 4.52 -20.53 1 .57  319.75 -1.45 227.50 5.77 357.05 129.60 2685 1 19 44  1 31 40 11.98 308.97 

64.8 1 4  8 58 28.25 -25.97 -4.67 322.86 -1.08 296.37 2.48 1.25 65.10 2666 

64.8 14  55 2 27.21 -25.78 -2 .38  322.31 -1.06 283.78 3.75 359.87 75.34 2671 

64 .8  15 25 32 22.58 -24.41 -0.42 321.29 -1.04 271.33 4 .84  358.50 87.42 2676 22 58 26 23 8 20 16.48 302.27 

64.8 15  45 32 15.72 -21.96 1.25 319.91 -1.03 258.95 5 .71  357.21 98.47 2679 23 24 59 23 36 11 13.63 306.59 

64.8 15  59 24 7.71 -18.55 2.66 318.30 -1.01 246.62 6 .34  356.08 109.60 2678 23 45 9 23 58 0 9.88 311.92 

64.8 16 9 5 4  359.18 -14.31 3.84 316.56 -0 .99  234.32 6.68 355.20 120.91 2675 0 1 10 0 15 56 5 .44  317.92 

64.8 16 18 48 350.45 -9.39 4.77 314.81 -0.97 222.02 6.71 354.61 132.49 2670 0 14 44  0 31 36 0.48 324.40 

65.3  1 4  22 33 26.42 -23.11 0 .75  320.06 -0.36 290.00 5 .55  357.63 67.92 2672 21 29 15 21 39 50 14.99 304.56 

65.3 1 4 3 8  2 18.72 -20 .07  2.29 318.68 -0.34 277.66 6.26 356.35 78.95 2674 21 51 1 4  22 3 22 11.55 309.58 

65 .3  14  49 14 10.43 -16.18 3 .57  317.09 -0.32 265.35 6.70 355.23 90.06 2673 22 8 16 22 22 12 7.38 315.32 

65.3 14  58 2 1 .80  -11 .59  4.59 315.37 -0.30 253.06 6.84 354.33 101.37 2670 22 22 14 22 38 11 2 .67  321.55 

65.3 15 6 1 353.08 -6 .43  5.36 313.59 -0 .28  240.76 6.66 353.71 112.96 2665 22 34 35 22 52 41 -2 .43  328.18 

65.3 15 13 12 344.05 -0 .88  5 .84  311.89 -0 .26  228.47 6.14 353.44 124.90 2658 22 46 26 23 6 48 -7 .74  335.20 

65 .3  15 21 0 344.80 4 .86  6 .03  310.37 -0.24 216.16 5.28 353.55 137.25 2651 22 58 57 23 21 38 -13.08 342.64 

66.5 14  19 41 23.00 -13. 17 4.26 315.59 0 44 283 45 6 .82  354.74 71 . 5 l  2661 20 30 13 20 45 26 4.37 319.32 

66.5  14 27 25 14.40 -8 28 5 12 313 90 0 .45  271.17 6.74 353.81 82.79 2658 20 42 40 20 59 58 -0.55 325.73 

66.5  14  34 34 5 .68  -2 .97  5.70 312.16 0 .47  258.88 6.34 353.14 94.32 2654 20 54 12 21 13 41 -5.70 332.47 

66.5  14 41 59 356.80 2.60 5 .99  310.43 0 49 246 59 5 .62  352.79 106.21 2647 21 5 55 21 27 39 -10.92 339.56 

66.5  14  50 1 347.55 8 .21  5 .96  308.84 0 .51  234.29 4.59 352.82 118.51 2640 21 18 59 21 43 0 -16.02 347.04 

66.5 15 0 4 337.99 13.60 5.59 307 48 0.53 221.96 3 .26  353.20 131.28 2633 21 34 56 22 1 13 -20 .74  354.82 

Launch, 114-deg a z ~ m u t h  

Fl lght  
t i m e  
f r o m  

i n j e c t ~ o n  

hr 

66.0 

66.0 

66.0 

66.0 

66.0 

66 .0  

Launch 
da t e  Launch 

t ime 
GMT 

h r  m l n  s e c  

17 33 51 

18 55 2 

20 12 53 

21 28 34 

22 42 45 

23 55 18 

Launch 
t ime  
GMT 

h r  m i n  s e c  

16 6 12 

17 35 38 

19 1 25 

20 24 56 

21 47 15 

23 8 22 

0 26 33 

T i m e  
GMT 

h r  m l n  s e c  

10 33 17 

11 59 2 

13 22 43 

1 4  43 34 

16 3 23 

17 22 36 

month  day I h r  m i n  s e c  h r  m in  s e c  1 deg I 

Injection Cond~ t ions  

h r  m i n  s e c  

16 33 5 

17  59 43 

19 22 48 

20 43 45 

22 3 41 

23 22 38 

0 38 59 

T ime  
GMT 

h r  m i n  s e c  

17  56 18 

19 15 5 

20 30 39 

21 44 10 

22 56 22 

0 7 11 

2 0 1 9  52 36 20 8 24 

21 21 9 43 21 24 1 
M a r  
1965 22 

22 8 42  22 22 31 

23 22 45 42  23 0 13  

24-25 23 6 1 5  23 22 22 

25-26 23 17  38 23 35 50 

Latitude 

deg 

-12 .53  

-7.03 

-1.63 

3.48 

8 .12  

12.09 

Goldstone vlewlng 

18 

19 

J a n  
1965 21 

22 

23 

17 

18 

J u n  l 9  
1965 20 

2 1 

2 2 

Longitude 

deg 

341.85 

334.24 

327.13 

320.49 

314.33 

308.81 

Norma l  Impac t  

Selenocentric 

Subsolar  

Hour angle 

deg 

345.06 

354.48 

3.92 

12.88 

21.55 

29.82 

Lat i tude  

deg 

-12 .04  

-13.28 

-13.82 

-13.66 

-12.81 

-11.37 

Latitude 

deg 

-1 .01  

-1.04 

-1.07 

-1.09 

-1.11 

-1.13 

Declination 

deg 

6 .55  

0 .54  

-5.30 

-10 .71  

-15.50 

-19.49 

14 24 27 

15 57 49 

2 0 1 7  27 11 

18 54 22 

20 20 36 

21 46 1 4  

Speed 

m/sec 

2626 

2631 

2638 

2645 

2651 

2658 

Longitude 

deg 

313.30 

315.98 

318.59 

320.86 

322.58 

323.61 

Longitude 

deg 

314.13 

301.26 

288.41 

275.57 

262.73 

249.89 

E a r t h -  
p robe -  

s u n  

deg 

53.25 

66.60 

79.40 

91.73 

103.67 

115.34 

Sub t e r r e s t r i a l  

14  56 38 

16 27 0 

17  53 30 

19 17  56 

20 41 34 

22 4 47 

Latitude 

6% 

-6.70 

-6 .42  

-5.76 

-4.80 

-3.62 

-2 .28  

Longitude 

deg 

7.12 

7.69 

7.71 

7.24 

6.36 

5 .17  

-11.99 

-6.47 

-0.94 

4.38 

9.29 

13.62 

25.97 

15.65 

5.96 

356.75 

347.90 

339.46 
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Table III ,  Shadow p a r a m e t e r s  

I I Launch,  90-deg az imuth  I Launch,  102-deg az imuth  I Launch.  114-deg az imuth  I 
Spacecra i t /  

Agena 
separa t ion  

T F L  

Exi t  
shadow, 

T F L  

Tota l  time 
i n  

shadow 

Spacecra f t /  
Agena 

separa t ion  
T F L  

rnin 

Enter 

S p , " ~  
E n t e r  L:l;ech shadov 1 T F L  

Spacecra f t ,  
Agena 

separa t ion  
T F L  

Exi t  
shadow, 

T F L  

Total  t i m e  
i n  

shadow 

rnin 

--- 
- - -  
---  

26.16 

23.56 

21.15 

19.03 

--- 
- - -  

22.02 

19.72 

17.87 

16.78 

16.78 

E n t e r  
shadow, 

T F L  

Exi t  
shadox-1, 

T F L  

m i n  rnin 

- - -  
- - -  
- - -  

35.77 

37.01 

35.55 

32.87 

- - -  
- - -  

38.67 

40.58 

38.21 

34.80 

31.93 

Tota l  t i m ~  
i n  

shadow 

m i n  rnin 

- - -  0 
- - -  0 
- - -  0 

23.49 7.93 

26.45 17.47 

26.50 18.15 

25.29 16 .94  

--- 0 
- - -  0 

21.91 5.28 

29.03 19.68 
.... - - -  % 

- - -  
- - -  a>:> 

- - -  
J a n  :y  1 23.52 

22 16.87 

:::Probe i n  shadow of parking o rb i t  injection; en te r  shadow t ime  taken a s  bemg a t  th l s  t i m e .  
"':'Parking o rb i t  coas t  t i m e  l e s s  than z e r o .  
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Fig. 2. Lighting angle 
a t  impact 

geometry 

UNACCEPTABLE 
E-P-S ANGLES 

(NOT TO SCALE) 

LUNAR SPHERE 
OF INFLUENCE 

ORBIT OF THE MOON 

Fig. 3.  Vertical impact geometry 

FOR EARTH-MOON 
TRANSIT TIME 
OF 66 hr. 

& = 1.22 km/sec 

- q - INCOMING 
(NOT TO SCALE) ASYMPTOTE 



Fig. 4. Launch time vs. launch date 

LAUNCH DATE 

Fig. 5. Maximum firing window vs. launch date 
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Fig.  7. Ranger  injection loci  fo r  F e b r u a r y  17 through F e b r u a r y  24, 1965 
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65 67 69 71 73 75 

TIME FROM LAUNCH, hr 

F i g .  15. E-P-S angle vs. t ime  f rom launch fo r  
January  launch per iod  

TIME FROM LAUNCH, hr  

F ig .  16. S-P-M angle vs.  t ime  f r o m  launch fo r  
January  launch period 
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TlME FROM LAUNCH, hr 

Fig.  17. E-P-S angle vs. t ime  f rom launch for  
February  launch period 

TlME FROM LAUNCH. hr 

Fig .  18. S - P - M  angle vs.  t ime f rom launch 
February  launch period 
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TlME FROM LAUNCH, hr 

Fig .  19. E-P-S angle vs. t ime  f r o m  launch for 
M a r c h  launch per iod 

TlME FROM L A U N C H ,  hr 

Fig. 20. S-P-M angle vs. t ime  f r o m  launch for  
M a r c h  launch per iod  
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TlME FROM LAUNCH. hr 

Fig.  21. E-P-S angle vs. t ime  f r o m  launch for  
Apri l  launch per iod 

TlME FROM LAUNCH, hr 

Fig.  22. S-P-M angle vs. t ime  f r o m  launch fo r  
April  launch per iod 
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TlME FROM LAUNCH, hr 

Fig.  23. E-P-S angle vs. t ime  f r o m  launch fo r  
May launch per iod 

TlME F7n'X I .A IJE IS~  hi  

Fig,  24. S -P-M angle vs. time f r o m  launch for 
May launch per iod 
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TlME FROM LAUNCH, hr 

Fig .  25.  E-P-S angle vs. t ime  f r o m  launch f o r  
June  launch per iod 

TlME FROM LAUNCH, deg 

Fig .  26.  S - P - M  angle vs.  t ime  f r o m  launch f o r  
June  launch per iod 
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JUN 

24 
23 

22 

2 I 

20 

19 
MAY 18, 196 

24-25 
23 

2 2 

2 1 

20 

W 
19 

+ APR 18, 196 

2 

24 
22-23 

2 1 

20 

19 

18 
FEB 17, 1965 

24 - 25 
23 

22 

2 1 

20 

19 
JAN 18, 1965 

GOLDSTONE HOUR ANGLE, deg 

Fig.  27 .  Goldstone viewing a t  lunar  impact  
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-- 

FOR VERTICAL IMPACT, -. p z o s  =,. 17 e O  

P = BIAS ANGLE 
F i g .  28. Definition of impac t  
p a r a m e t e r s  

0, = ANGLE BETWEEN IMPACT VELOCITY VECTOR AND 
LOCAL VERTICAL 

y = ANGLE BETWEEN IMPACT VELOCITY VECTOR AND 
INCOMING ASYMPTOTE 

= INCOMING ASYMPTOTE DIRECTION 

= MISS PARAMETER - 
V1 = IMPACT VELOCITY VECTOR 

6 =IMPACT VELOCITY VECTOR FOR VERTICAL IMPACT 

Fig.  29.  Definition of flyby 
p a r a m e t e r s  

- - SELENOCENTRIC DISTANCE TO PROBE AT CLOSEST APPROACH 
6' - MISS PARAMETER - - INCOMING ASYMPTOTE DIRECTION 
So - OUTGOING ASYMPTOTE DIRECTION 
a - ANGLE BETWEEN S* AND So, DEFLECTION ANGLE 
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MAGNITUDE OF THE PARAMETER 6 km 

Fig.  30. Impact  t r a j ec to r i e s  fo r  the hour p r i o r  to 
l una r  impac t ,  VI = 2.  6 km/sec  
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MAGNITUDE OF THE MISS PARAMETER 8, km 

Fig.  31. Impact  t r a j ec to r i e s  fo r  the hour p r io r  to 
lunar  impact ,  VI = 2. 65 km/sec 
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MAGNITUDE OF THE MISS PARAMETER B, km 

Fig.  32.  Impact  t r a j e c to r i e s  fo r  the hour  p r i o r  to 
l una r  impac t ,  VI = 2. 7 krn/sec 
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MAGNITUDE OF THE MISS PARAMETER 6. km 

F i g .  33. T ra j ec to r i e s  during the 10 h r  p r i o r  to and 
beyond lunar  encounter,  VI = 2. 6 krn/sec 



PD-19 Ranger  Block I11 

MAGNITUDE QF THE MISS PARAMETER P I ,  km 

Fig.  34. T ra j ec to r i e s  during the 10 h r  p r i o r  to and 
beyond lunar  encounter ,  VI = 2. 65  krn/sec 
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Fig.  35. T ra j ec to r i e s  during the 1 0  h r  p r i o r  to and 
beyond lunar  encounter,  VI = 2.  7 krn/sec 
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TIME PRIOR TO UNRETARDED IMPACT, min  

Fig .  38. Velocity and altitude v s .  t ime  f r o m  
lunar  impact,  VI = 2 6 km/sec  
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90 80 70 60 50 40 30 20 10 0 

TIME PRIOR TO UNRETARDED IMPACT, min  

F i g .  39. Velocity and al t i tude v s .  t ime  f r o m  
lunar  impac t ,  VI = 2 65 km/sec  
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TIME PRIOR TO UNRETARDED IMPACT, rnin 

F i g .  40.  Veloci ty and a l t i tude  vs .  t i m e  f rom 
l u n a r  i m p a c t ,  V = 2 . 7  km/sec 1 



MAGNITUDE OF THE MISS PARAMETER g, krn X 

Fig .  41. Flyby p a r a m e t e r s  v s .  the m i s s  p a r a m e t e r  B 
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CORRESPONDING 
LD. LAUNCH DATE 

I JAN 18, 1965 
2 JAN 19, 1965 
3 JAN 20, 1965 
4 JAN 21, 1965 
5 JAN 22, 1965 
6 JAN 23, 1965 
7 JAN 24-25,  1965 

F i g .  4 2 .  Lunar  lighting and t r a j e c to ry  geomet ry  a t  impac t  
fo r  January  launch per iod 
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CORRESPONDING 
I. D. LAUNCH DATE 

I FEE 17, 1965 
2 FEB 18, 1965 
3 FEE 19, 1965 
4 FEB 20, 1965 
5 FEB 21, 1965 
6 FEB 22-23, 1965 
7 FEB 24. 1965 

F i g .  43. Lunar  lighting and t r a j e c t o r y  g e o m e t r y  a t  impac t  
f o r  F e b r u a r y  launch pe r iod  
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CORRESPONDING 
I.D. LAUNCH DATE 

I MAR 19, 1965 
2 MAR 20, 1965 
3 MAR 21, 1965 
4 MAR 22 1965 
5 MAR 23, 1965 
6 MAR 24-25, 1965 
7 MAR 26, 1965 

F i g .  44. Lunar  lighting and t r a j e c t o r y  g e o m e t r y  a t  i m p a c t  
f o r  M a r c h  launch p e r i o d  
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CORRESPONDING 
I.D. LAUNCH DATE 

I APR 18, 1965 
2 APR 19, 1965 
3 APR 20,1965 
4 APR 21, 1965 
5 APR 22, 1965 
6 APR 23, 1965 
7 APR 24.1965 

F i g .  45. L u n a r  lighting and t r a j e c t o r y  g e o m e t r y  a t  impac t  
f o r  Apr i l  launch p e r i o d  
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CORRESPONDING 
I.D. LAUNCH DATE 

I MAY 18, 1965 
2 MAY 19, 1965 
3 MAY 20, 1965 
4 MAY 21, 1965 
5 MAY 22,1965 
6 MAY 23, 1965 
7 MAY 24, 1965 

F i g .  46. L u n a r  l igh t ing  a n d  t r a j e c t o r y  g e o m e t r y  a t  i m p a c t  
f o r  May l a u n c h  p e r i o d  
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CORRESPONDING 
LD, LAUNCH DATE 

I JUNE 17, 1965 
2 JUNE 18, 1965 
3 JUNE 19, 1965 
4 JUNE 20,1965 
5 JUNE 21, 1965 
6 JUNE 22,1965 

F i g .  47. Lunar  l ighting and t r a j e c t o r y  g e o m e t r y  a t  impac t  
f o r  June  launch pe r iod  
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ORBRBITAL MOTION 
OF MOON 

EQUATOR 

MEAN 
MOON-EARTH \ 
LINE 

LUNAR MERIDIAN 

NOTE: 
THE SELENOGRAPHIC LONGITUDE ( A AND LATITUDE ( p )  FOR THE 

POINT P ON THE MOON'S SURFACE ARE SHOWN IN THE 
POSITIVE DIRECTIONS RESPECTIVELY 

THE SELENOGRAPHIC COORDINATES OF THE TRUE MOON-EARTH 
ARE TIME VARIANT 

F i g .  48. Definition of se lenograph ic  coord ina tes  




